The purpose of the current study was to examine the independent and interactive effects of social adversity (SA) and HIV infection on subcortical shape alterations and cognitive functions. Participants included HIV+ (n = 70) and HIV-(n = 23) individuals who underwent MRI, neurocognitive and clinical assessment, in addition to completing questionnaires from which responses were used to create an SA score. Bilateral amygdalae and hippocampi were extracted from T1-weighted images. Parametric statistical analyses were used to compare the radial distance of the structure surface to a median curve to determine the presence of localized shape differences as a function of HIV, SA and their interaction. Next, multiple regression was used to examine the interactive association between HIV and SA with cognitive performance data. An HIV*SA interactive effect was found on the shape of the right amygdala and left hippocampus. Specifically, HIV-infected participants (but not HIVuninfected controls) who evidenced higher levels of SA displayed an inward deformation of the surface consistent with reduced volume of these structures. We found interactive effects of HIV and SA on learning/memory performance. These results suggest that HIV+ individuals may be more vulnerable to neurological and cognitive changes in the hippocampus and amygdala as a function of SA than HIVindividuals, and that SA indicators of childhood SES and perceived racial discrimination are important components of adversity that are associated with cognitive performance.
Introduction
The range of adversities that have been found to result in longlasting changes in brain structure and function are diverse, with several studies demonstrating how socioeconomic position at the individual, familial and community levels influence well-being and disease risk (Adler et al. 1994; Lawson et al. 2013; Lorant et al. 2003; McEwen and Gianaros 2010) . A number of prospective studies have also documented the negative effects of adversity on cognitive functioning, such that prolonged exposure to adversity is associated with impairments in emotional regulation (Tottenham et al. 2010 ) and learning and memory (Richards and Wadsworth 2004; Shonkoff et al. 2012) . Notably, disruption of the hypothalamic-pituitary-adrenal (HPA) axis, the body's central stress response system, has been a focus of investigation and considered an underlying mechanism by which adverse events, and its resultant stress, engender such changes (Lupien et al. 2009; Sapolsky 1996) , particularly in brain regions such as the hippocampus and amygdala, which are abundant in glucocorticoid receptors (Herman and Cullinan 1997) . Disruption of the HPA-axis has been associated with loss of neuronal connections and smaller hippocampal volume (Rao et al. 2010; Sapolsky 1996; Woon and Hedges 2008) and altered amygdala connectivity (Thomason et al. 2015) .
However, there is very little known about the interaction between social adversity (SA) and other cognitive risk factors such as HIV-serostatus. Approximately 50% of people living with HIV (PLWH) demonstrate cognitive impairment at some point during the course of HIV disease (Heaton et al. 2010 (Heaton et al. , 2011 . Cognitive compromise has been observed in domains such as attention, reduced psychomotor speed, executive function, learning/memory, and motor function (Becker et al. 2011; Heaton et al. 2011; Heaton et al. 2004; Maki et al. 2009; Tozzi et al. 2007) . Studies suggest that functional and structural abnormalities of subcortical regions underlie these cognitive deficits (Castelo et al. 2006; Moore et al. 2006; Maki et al. 2009 ).
Socioeconomic disadvantage
SES disadvantage is high among PLWH, with up to 45% unemployed (Rabkin et al. 2004; Ibrahim et al. 2008) . Lower SES among HIV-infected individuals has been linked to a host of adverse outcomes such as increased morbidity and mortality , and neurocognitive outcomes (Arentoft et al. 2015) . A number of recent studies have indicated that SES factors are associated with hippocampal size across the lifespan (Noble et al. 2012; Hanson et al. 2011; Jednoróg et al. 2012; Staff et al. 2012) . However, most of the research in this area has focused on family-level or individual-level SES. Given that community-level SES has been shown to predict health outcomes over and above the effects of individual SES (e.g., Winkleby and Cubbin 2003) , it is also important to assess the role of perceived community SES in predicting neural and cognitive outcomes.
Racial/ethnic discrimination
Social disadvantage linked to ethnic/racial identity can contribute to poor outcomes even when controlling for SES (e.g., Williams and Mohammed 2009) . Perceived racial/ethnic discrimination has been linked to a number of health outcomes including lower cognitive performance (Barnes et al. 2012; Taylor and Turner 2002; Thames et al. 2013; Williams et al. 2016) , which may be caused by stress that emerges from perceptions of threat. Considering that African Americans account over 50% of the HIV-infected population (CDC 2015) , perceived racial discrimination is an important factor to consider when investigating the effects of social adversity within this population. Prior work has shown that higher levels of perceived discrimination related to poorer cognitive test performance, particularly in the domain of episodic memory and perceptual speed in a large cohort of communitydwelling African American older adults (Barnes et al. 2012) . In a sample of young-to-middle aged Black/African American and White/Caucasian adults, higher scores on perceived racial discrimination resulted in underperformance on measures of learning and memory among Black participants when tested by a White examiner (Thames et al. 2013) . Results from these studies suggest that perceived discrimination operates in the same fashion as other chronic stressors (i.e., disruption in neural mechanisms that underlie emotional regulation and memory function).
Studies have documented dysregulation of the HPA axis and blunted adrenocorticotropic hormone (ACTH) responses among HIV-infected individuals (Kumar et al. 2003 (Kumar et al. , 1993 Patterson et al. 2013 ), thus it is plausible to expect that HIV status may increase vulnerability to SA effects on brain structure and function, particularly in limbic structures. To our knowledge, few studies have directly addressed the interactive association between HIV and SA. Clark et al. (2012) studied HIV-infected and HIV-uninfected individuals who were classified into high-vs. low-early life stress (ELS) groups (quantified through a self-report questionnaire assessing the occurrence of 17 adverse life events). An interaction between HIV status and ELS severity indicated that HIV-infected individuals in the high ELS group evidenced larger right amygdala volume, and these abnormalities were associated with reduced processing/psychomotor speed (Clark et al. 2012 ). Spies and Seedat (2014) examined an all-female HIV-infected and HIV-uninfected cohort and narrowed their focus of ELS to histories of maltreatment including emotional, physical and sexual abuse and emotional and physical neglect. In this study, HIV-infected women with ELS had the lowest mean regional volume in several subcortical regions (e.g., hippocampus). These volume reductions were associated with neurocognitive performance, such that HIV-infected females with ELS evidenced lower scores, as compared to all other comparison groups. The Women's Interagency HIV Study (WIHS), a large and comprehensive study of HIV-infected and HIV-uninfected women, reported a significant HIV by stress interaction (using the Perceived Stress Scale) in the neurocognitive domain of verbal memory . Only among the HIV-infected group were associations found between high stress and lower verbal memory performance, indicating that high levels of perceived stress contribute to the deficits in verbal memory observed in WIHS women. While these studies provide valuable insights into the potential vulnerability to stress experienced by HIV-infected individuals, several questions remain with regard to the effects of multiple adversities that are experienced in both childhood and adulthood, including stressors that are specific to one's personal identity (e.g., racial discrimination).
Although the independent effects of HIVand SA have been well established, the interactive effects of SA and HIV on neurological integrity require further study, particularly as it pertains to adversities that may be common to this population (e.g., socioeconomic disadvantage, racial discrimination). We have chosen to employ the method of 3D shape analyses due to its sensitivity to regional (e.g. specific nuclei) changes not detectable by standard volumetric methods (Fernández-Espejo et al. 2011; Hughes et al. 2012; Kim et al. 2013 (Costafreda et al. 2011) , and more recently, HIV (Wade et al. 2015) . Therefore, the current study examined the effects of SA and HIV on subcortical morphometry and neurocognition in a group of HIV-infected and HIV-uninfected Caucasian and African-American individuals. We expected to observe significant main and interactive effects of HIV and SA on subcortical shape abnormalities and neurocognitive functioning, such that HIV-infected individuals with higher adversity scores would demonstrate a greater magnitude of hippocampal and amygdala shape abnormalities and lower cognitive performance (particularly in the domain of memory) as compared to HIV-uninfected individuals.
Method
A total of 93 participants (HIV-infected, n = 70) and (HIVuninfected, n = 23) were enrolled as part of a larger study examining the effects of HIV on neurocognitive functioning among African American and Caucasian individuals (NIMH K23 MH095661). There were no differences between the study sample and the larger sample on a number of demographic and clinical characteristics. Participants were recruited from various local community clinics and HIV service agencies in the Greater Los Angeles area. All procedures received approval by the University of California, Los Angeles (UCLA) Institutional Review Board (IRB; #12-000406). Participants were included in the study if they were over the age of 18 years (range 23-75), reported English as their primary language, scored ≥26 on the Mini-Mental Status Exam (MMSE; Folstein et al. 1975) , self-identified as AfricanAmerican or Caucasian, and were able to provide informed consent (assessed by the participant communicating their understanding of the consent form). Participants were excluded if they reported either current abuse/dependence of cocaine or amphetamines, past stimulant abuse/dependence, or current/ past diagnosis of a psychotic-spectrum disorder (assessed by a modified version of the SCID; Spitzer et al. 1995) . Recent illicit drug use was assayed via urine toxicology as well as a self-report drug screen (i.e., Brief Drug History Questionnaire). Participants were excluded if they screened positive for stimulants or hallucinogens. Participants with CNS confounds (e.g., HIV-associated opportunistic infections or neurosyphilis), Hepatitis C coinfection, (confirmed by serology), major head injury (loss of consciousness >30 min), or contraindication to the safe use of MRI, were also excluded.
Our HIV+ participants were a chronically infected population (average years with HIV = 12), stable on ARVs (as demonstrated by a threshold below virologic failure (< 5000 copies/mL) (Alvarez-Uria et al. 2012; WHO 2010) or undetectable (< 20 copies/mL) plasma viral loads and self-reported continuous ART for at least 3 months), and clinically stable (as indicated by CD4+ cells/mm 3 ) (see Table 1 ).
Measures
Social adversity A composite SA score was derived to capture the following domains: (1) perceived racial/ethnic discrimination (Perceived Ethnic Discrimination Questionnaire (PED-Q; Contrada et al. 2001) ; (2) financial strain (i.e., Bhave you ever not received medical care because of financial problems?^); (3) perceived childhood neighborhood SES; (4) perceived current neighborhood SES, and (5) current personal SES (Hollingshead index of Social Status; Hollingshead 1975) . These domains have each been described as indicators of adversity (Montez et al. 2016; Taylor and Turner 2002; Wicks et al. 2005; Williams et al. 2016) . Aggregating multiple sources of stress into a composite index has become an increasingly used method among researchers interested in examining the influence of cumulative adversity on physical health and mental health (Steptoe and Marmot 2003; Troxel et al. 2003; Toussaint et al. 2016) . Using procedures based upon methods described by Troxel et al. (2003) , each indicator was dichotomized into B0^or B1^using the top 20-30% of the sample distribution, except for financial strain, which was dichotomized at the top 13% (based on its distribution). Next, we summed the dichotomous values into one score to represent an index of social adversity. Total possible scores range from 0 to 5. Of the full sample, 33%, 34%, 22%, 7%, 4%, 0% had scores of 0, 1, 2, 3, 4, & 5, respectively. Given the low sample representation for scores 3 and 4, they were combined, resulting in a range from 0 to 3.
Additional details regarding this SA index can be found in Williamson et al. (2016) B; Stroop Interference Test-Interference score; and WAIS-IVLetter-Number Sequencing). We converted raw scores from each test into standardized z-scores using published normative data (e.g., Heaton et al. 2004 ) and then averaged them to create global neurocognitive performance and cognitive domain composites.
MRI acquisition T1-weighted data was collected using a 12-channel head coil on Siemens Tim Trio 3 T scanner (Siemens Medical Solution, Erlangen, Germany) No scans demonstrated significant artifact. Therefore, all scans (N = 96) were included in the preprocessing pipeline. During the shape analysis pipeline, registration/alignment and intensity inhomogeneity were assessed for artifacts and outliers. Scans that did not pass quality assurance criteria were either discarded or successfully rerun through the previous pipeline step (e.g., successfully registered on a second run through FSL FIRST). Three scans were not included because they did not pass registration or were found to have outliers during the pipeline process.
Analytic plan
Prior to conducting primary analyses, HIV status groups were compared on variables of age, ethnicity/race, sex, education, current depression (as assessed by Beck Depression Inventory-2 [BDI-II; Beck et al. 1996] ), current or past diagnosis of Major Depressive Disorder, and SA score. Bivariate correlations and Chi-square analyses investigated relationships between demographic and clinical variables and SA score. Any self-reported mood or demographic variables that showed group differences at p < .05 were added as covariates when analyzing shape differences between the groups. We included sex, depression, current drug use (i.e., benzodiazepines and opiates) and past cocaine use as covariates in the models.
Shape and processing analysis The following preprocessing steps were completed using FSL version 5.0. T-1 anatomical scans subsequently underwent intensity inhomogeneity normalization using the MNI Bnu_correct^tool (www.bic.mni. mcgill.ca/software/). Next, we used an automated, modelbased subcortical segmentation protocol (FSL FIRST) to extract the bilateral amygdala and hippocampus. Analyses compared the radial distance of structure surface to a median curve to determine the presence of localized shape differences. For HIV group comparisons, parametric statistical analyses were conducted at each voxel comprising the surface (i.e., vertex) of each structure relative to the mean surface of the control group. Statistically significant results could either show atrophy (vectors significantly below the median surface) or hypertrophy (significantly above the median surface). In the analyses, the design matrix was demeaned so that the HIV-group had a value of −0.5 and the HIV+ group had a valued of +0.5. We report corrected F-statistics using family-wise error at p < .05. These analyses determined (1) Shape differences between HIV-infected and HIV-uninfected groups, (2) Relationships between SA score and shape alterations, (3) HIV*SA interactive effects on shape alterations.
Neurocognitive outcomes Two stepwise linear regressions were conducted using SPSS version 23.0 to determine whether there was a significant interaction between HIV-status and SA (interaction term added in step 2) in predicting learning/memory and executive functioning performance over and above HIV-status and SA alone (added in step 1). We restricted our analyses to these cognitive domains for the following reasons (1) these domains are conceptually linked to functions of our brain regions of interest, and (2) to reduce the number of statistical comparisons. Prior to analyses, model assumptions were checked, including screening for outliers and evaluating for multicollinearity, with tolerance values of <0.40 and variance inflation factor values of >2.5 suggestive of multicollinearity (Allison 2012) .
Covariates included age, sex, current drug use, past cocaine use, WRAT, and depression scores given their influence on cognitive performance and trends for HIV group differences in our sample. Covariates were entered into the first step. HIV status (dummy coded) and SA score (centered) were entered as predictors in the second step. In the final step, the interaction term (i.e., HIV*SA) was entered.
Results
HIV-status group comparisons on demographics, social adversity, and neurocognition Table 1 provides summary statistics for HIV group comparisons. Independent samples t-tests, Analysis of Variance, and Chi-square tests were conducted to compare HIV status group differences in demographic characteristics (e.g., age, education, sex), SA, depression symptoms, drug use variables, and neurocognitive functioning. There were no statistically significant HIV group differences in age, WRAT-4 performance, education, adversity scores, ethnicity, or past and current Major Depressive Disorder (all p's > .10). There was a trend for differences in the distributions of sex between groups (p = .08), with a greater proportion of men in the HIV-infected group. There were significant HIV group differences in BDI-II scores and in the cognitive domains of learning/memory and executive functioning with HIV+ individuals demonstrating higher BDI-II scores, and performing significantly lower in the learning/memory and executive functioning domains. There were no significant HIV group differences in other cognitive domains.
Relationships between social adversity, demographic, cognitive and clinical variables
There were no statistically significant associations between age and SA score, r s (93) = −.09, p = .36. However, there was a significant association between education and SA score, r s (93) = −.38, p < .0001. There were no sex differences in SA score (t = −.895, p = .35). Among HIV+ individuals, there was no association between SA and nadir CD4, current CD4 or viral load (all p's > .10). SA score was negatively correlated with cognitive performance in learning/memory r s (93) = −.21, p = .04 and executive functioning domains, r s (93) = −.24, p = .02. There were no associations between SA score and cognitive domains of attention/processing speed r s (93) = −.12, p = .24, motor functioning, r s (93) = −.03, p = .75, or verbal fluency, r s (93) = −.16, p = .12. Table 2 shows the correlations between the five indicators of adversity.
Interactive effect of HIV and social adversity on subcortical shape
We observed a statistically significant (i.e., p < .05 adjusted for multiple comparisons) HIV*SA interaction that was associated with reductions on the surface of the left hippocampus and right amygdala. Specifically, HIV-infected participants who reported higher levels of SA displayed the greatest deformation/atrophy in vertices on the surface of these two subcortical structures (Fig. 1) . The interactive association was found for 18% of the vertices comprising the left hippocampal surface and 46% of the vertices comprising the right amygdala. There was no significant HIV*SA interaction on reductions in vertices in the left amygdala. Notably, however, increased SA scores (independent of HIV status) were associated with significantly reduced vertices in the left amygdala (Fig. 2) , accounting for 41% of the voxels comprising the surface of the left amygdala.
Subcortical shape and cognitive function
We explored the association between subcortical shape and performance across all cognitive domains. Given that these analyses were exploratory, we used a threshold of p < .05, uncorrected for multiple comparisons. Please see Table 3 and Fig. 3 for details. Left hippocampal shape was positively associated with domains of learning/memory, verbal fluency, executive functioning, and attention/processing speed. Right hippocampal shape was positively associated with domains of learning and memory, executive functioning, verbal fluency, and motor functioning. Right amygdala shape was only associated with verbal fluency, whereas left amygdala shape was positively associated with domains of attention/ processing speed, verbal fluency, and motor functioning.
Interactive effects of HIV and SA on learning/memory and executive function Individual effects of components of SA on subcortical shape and cognitive domains of learning/memory and executive function Finally, we explored the individual contribution from each of the five indices (i.e., financial strain, racial/ethnic discrimination, neighborhood SES during childhood, current neighborhood SES, current personal SES that were used to derive the SA score in a series of post-hoc analyses for the entire sample. Again, considering these results are exploratory, we did not correct for multiple comparisons. Instead, we report correlations that were statistically significant at p < .05. Table 4 reports the percent of vertices from the surface of the amygdala and hippocampus that were statistically significant. Left amygdala shape was negatively associated with financial strain and current SES. Right amygdala was positively associated with childhood neighborhood SES and negatively associated with financial strain. Left hippocampal shape was positively correlated with current SES and childhood neighborhood SES. Left hippocampal shape was negatively correlated with financial strain and racial discrimination. Right hippocampal shape was positively correlated with current SES and childhood neighborhood SES, and negatively correlated with financial strain (see Fig. 4 for details).
Results from stepwise regressions indicated that childhood neighborhood SES (ΔR 2 =. .21, b = −.48, p = .03) and perceived discrimination (ΔR 2 = .18, b = −.44, p = .02) were each associated of lower performance in learning/memory, whereas Fig. 2 Effect of Social Adversity Score on Amygdala Vertex Area in blue represents the surface region of the amygdala that was associated with social adversity Fig. 1 Area in blue represents the surface region where a significant HIV*Adversity interaction was observed. Fig. A shows the right amygdala and Fig. B shows the left hippocampus (seen from sagittal and coronal views, respectively). HIV+ participants with higher adversity scores evidenced the greatest atrophy of these regions there was no significant contribution of the other indicators (i.e., financial strain, current neighborhood SES, current SES).
We performed the same analyses using executive functioning as our outcome variable of interests for the entire sample. Results from a separate hierarchical regression indicated that the model with childhood neighborhood SES (ΔR 2 = .45, b = −.70, p = .002) was statistically significant in association with performance in executive functioning, whereas none of the other indicators individually contributed to performance in executive function.
Discussion
The purpose of the current study was to examine levels of exposure to social adversity in our HIV-infected and HIVuninfected groups, and to determine the effects of cumulative SA, HIV, and the interaction between these two factors on subcortical shape abnormalities in regions of the hippocampus and amygdala-structures that are particularly vulnerable to the effects of HIV and social stress/adversity and play an important role in cognitive and psychological functioning. We also investigated these associations among neurocognitive domains (i.e., learning/memory and executive functioning) that are conceptually linked to these regions of interest.
We observed interactive effects of HIV and SA on the surface of the left hippocampus and right amygdala. A significant main effect of SA was found in the surface of the left amygdala, such that greater SA scores were associated with reductions in the surface area of this region. These findings suggest that reductions in the surface area of the left hippocampus and right amygdala were specific to the HIV-infected group, whereas the association between SA and left amygdala shape were found in both HIV status groups. Notably, there were no significant differences in the SA score between HIV status groups, suggesting that both groups experienced comparable levels of adversity. We were not surprised to observe similar levels of adversity between our HIV-infected and HIVuninfected comparison groups, as we make efforts to recruit an HIV-uninfected comparison group that is demographically similar to our HIV-infected participants. Together, our results demonstrated that the association of SA on left hippocampal and right amygdala structures were found among HIVinfected (but not HIV-uninfected) individuals, which suggests that exposure to adversity may be deleterious to these regions among PLWH. This is consistent with other studies examining HIV and social stress among men and women (Clark et al. 2012; Spies and Seedat 2014; Rubin et al. 2015) . Additionally, our findings build upon previous studies that have found that HIV-infected individuals show dysregulation of the HPA axis and a blunted ACTH response (Kumar et al. 1993; Patterson et al. 2013) , which are posited mechanisms for the observed effects in the current study. After controlling for potential demographic confounds (e.g., depressive symptoms), we found a significant interaction between HIVand SA in the right amygdala, indicating that the right amygdala demonstrated greater abnormalities in the surface shape for those in the HIV-infected group, relative to our HIV-uninfected group. These findings are similar to those reported by Clark et al. (2012) , which also demonstrated abnormalities in the right amygdala as a function of exposure to adversity and HIV-status. While the HIV*SA interaction was found in association with the right amygdala, we do not interpret this as a lateralized effect considering that an association between SA and deformations was found in the left amygdala. Instead, the regions that were found to be associated with the interaction were those that survived multiple comparisons. Inspection of images without correction for multiple comparisons demonstrated interactive associations with bilateral hippocampi and amygdalae. Nevertheless, our findings are consistent with those reported by Clark et al., in which a main effect of ELS was found in the left amygdala, whereas interactive effects were found in the right amygdala. Examination of individual factors that composed our SA composite was also generally consistent with findings by Hanson et al. (2015) , which observed smaller left amygdala volume among children from low SES backgrounds compared to children from high SES backgrounds. Notably, we found strong positive correlations between childhood neighborhood SES and right amygdala and right hippocampus, suggesting that larger surface of the right amygdala and hippocampus surface (which is related to volume) was observed among individuals who reported higher SES neighborhoods in childhood than those who reported lower SES neighborhoods. However, indicators of other types of adversity (i.e., current SES, perceived racial discrimination, and financial strain) were either associated with bilateral surface regions of the amygdala and hippocampus . Green = financial strain; Yellow = current SES; Pink = childhood neighborhood SES; Blue = racial discrimination; Brown = current neighborhood SES (i.e., financial strain) or exclusively associated with the left amygdala (i.e., current SES) and left hippocampus (i.e., perceived racial discrimination). Therefore, it is possible that we observed a main effect of SA in the left amygdala, and not the right, because a majority of the adversity indicators correlated with left-hemispheric regions. More studies are needed with larger samples to directly test lateralized effects in relation to different types of adversity. We also found HIV*SA interactive associations with deformations of the left hippocampus, which was not found by Clark et al., but is consistent with findings from Spies et al. (2016) . One plausible explanation for the differences between our findings and those reported by Clark et al. may be due to characteristics of the sample or due to the different measures of SA used between the studies. Clark et al. (2012) used a measure specific to early life stress, which retrospectively captured a range of events that occurred only in childhood. Focusing solely on early life stress may explain why the findings from Clark et al. (2012) were specific to enlargement of the amygdala. Thus, we posit that the timing of stress exposure may have differential effects on amygdala development, which has been suggested by others (Lupien et al. 2009 ). Hyperactivity of the HPA-axis has been associated with preand postnatal adversities (Bosch et al. 2012; Entringer et al. 2009; Hellemans et al. 2010) . The timing of adversity is associated with differential cortisol stress response in adulthood, with increases occurring around ages 6 and 7 (Bosch et al. 2012; Pesonen et al. 2010 ) and decreases associated with ages 12-16 (Bosch et al. 2012) . Thus, in adulthood, observations of reduced volumes of these brain regions could be a strong marker of the time of exposure to adversity or the duration rather than of the effects of specific traumas on various brain regions.
Our findings are similar to those reported by Rubin et al. (2015) , whereby the association between stress and memory function was found among HIV-infected women. In the current study, although the associations of SA and learning/memory were strong for both groups, the association was stronger for HIV+ individuals. This is important given that the current study used a mixed cohort of men and women and did not assess recent perceived stress. It would be interesting to examine whether the time of assessment may have a greater impact on memory functions for HIV-infected individuals, as they may present with existing memory problems due to the disease.
While studies of brain volume have provided valuable insights into the effects of chronic stress and HIV on the CNS, the current study extends the literature by providing information about the location and pattern of structural change through shape analysis methods and its relationship to memory. Disease processes often affect structure in a non-uniform fashion, or subregions may be differentially affected (i.e., reduction in some areas and thinning in others). Volumetric analysis may obscure these non-uniform changes (Tang et al. 2014) , whereas shape analytic methods allow for more finegrained analysis, capable of detecting both subtle and nonuniform changes (Csernansky et al. 2004; Wade et al. 2015 ). Our findings demonstrate distinct structural deformations associated with HIV and SA that coincide with performance on our neurocognitive findings.
There are limitations to this study worth noting. First, as mentioned previously, the SA index was a combination of adversity that targets the individual (e.g., perceived racial discrimination) as well as their community (e.g., community SES). There is no Bgold standard^with how social adversity is operationally defined in the literature, which may partly contribute to inconsistencies in study findings across studies of adversity. Another limitation worth noting is that our HIVinfected group was three times larger than the HIV-uninfected group, resulting in broader estimates of the outcome in the HIV+ group. While smaller sample sizes result in less reliable estimates, this would be particularly problematic if HIV status was confounded with the SA measure, or if we failed to observe a statistically significant interaction. Further, our measure of SA was largely retrospective (with the exception of current SES), whereas prospective studies measuring adversity may provide a more comprehensive picture of Bexposuret o adversity. Finally, we were limited in our scope of brain regions investigated in association with SA. 3D shape analyses allows for the automated segmentation of subcortical/ limbic regions, but does not provide information about cortical regions such as the prefrontal cortex, which are known to be associated with adversity (Shonkoff et al. 2012) . Despite these limitations, we were able to demonstrate that our measure of SA shows strong associations with brain abnormalities, which is consistent with our knowledge of the stress response (Eiland and McEwen 2012; Frodl and O'Keane 2013; Herman and Cullinan 1997; Jacobson and Sapolsky 1991; Hayano et al. 2009; Massana et al. 2003; Weniger et al. 2008) .
Second, there was a slight male/female imbalance between the HIV status groups, with more males in HIV+ group. Nevertheless, our findings are consistent with studies that have used primarily female cohorts (Maki et al. 2009; Maki et al. 2015; Rubin et al. 2015) . Nevertheless, replication in a larger sample stratified by sex is ideal for future studies.
These limitations aside, the current study provides important information for how adversities, particularly those that are associated with childhood SES and perceived racial/ethnic discrimination, impact brain structure and function as well as potentially increase vulnerability to more severe neurological changes for HIV-infected individuals who already experience compromises due to the disease. Exposures to racial/ethnic discrimination has been demonstrated to have powerful effects on a number of cognitive and health related outcomes in general populations as well as those with HIV (Barnes et al. 2012; Schuster et al. 2005; Taylor and Turner 2002; Thames et al. 2013; Williams et al. 2016) . Our findings suggest that perceived racial/ethnic discrimination is an important type of adversity that warrants consideration in relationship to cognitive outcomes. Further, the results herein have implications for other neurological populations (e.g., Mild Cognitive Impairment) where existing brain abnormalities may be exacerbated in the context of chronic adversity. We also found that learning/memory and executive functioning were critical domains implicated in both HIV and SA, with childhood SES and perceived racial discrimination most strongly correlated with these functions. Our results open up questions about whether HIV-infected individuals are more susceptible to neural changes as a function of SA, and if these neural changes increase vulnerability to poor cognitive outcomes. More longitudinal studies are needed to explore this complex relationship. Future studies should also investigate if abnormalities in subcortical regions affected by SA are associated with HPAaxis dysregulation (e.g., hypercortisolism, reduced glucocorticoid receptor sensitivity) among PLWH.
These findings have important public health implications as they suggest that CNS effects of exposure to adversity may be more burdensome in the context of HIV-infection. Considering that our findings were driven by SES-related factors and perceived racial/ethnic discrimination, this suggests that clinicians and other professionals working with HIVinfected individuals should be aware of the importance of assisting with resources (e.g., psychotherapy to target feelings around discrimination, financial assistance programs in the community) for HIV-infected individuals.
